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CONCLUSION: 
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Bayonne,  N.  J.  Research  and  Development  Project 
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9 October  1951* 

To  investigate  the  properties  and  characteristics 
of  available  cushioning  materials,  with  the  pri- 
mary aim  of  development  of  engineering  design 
methods  and  design  data  to  permit  more  economical 
and  efficient  cushioning  of  sensitive  and  easily 
damaged  suj  )y  items. 

To  furnish  information  to  be  used  as  a basis  for 
investigation  into  the  possible  development  of  a 
cushioning  manual  for  Navy  packaging  line  use 
with  simplified  methods  and  tabulated  cushioning 
materials  arrangement  to  permit  application  by 
packaging  line  personnel. 

This  manual  is  the  end  product  of  all  the  work 
to  date  by  the  Forest  Products  Laboratory  which 
has  been  engaged  for  several  years  in  an  extended 
stuc^  of  cushioning  methods  and  materials. 

It  is  a complete  instrument  for  the  application 
of  cushioning  within  the  ranges  of  shock  and 
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RECOMMENDATIONS  ? 


dimensions  of  materials  covered.  However,  it 
must  be  borne  in  mind  that  the  skills  required 
in  the  use  of  the  manual  are  not  ordinarily 
available.  The  design  problem  is  such  that  this 
procedure  is  economically  feasible  only  in  the 
case  of  a mass  production  packaging  line,  which 
usually  is  in  the  manufacturer 1 s plant. 

Therefore,  it  is  considered  that  this  manual  is 
for  the  use  of  the  packaging  engineer,  and  may  be 
furnished  as  an  aid  in  procurement,  so  that  packa- 
ging design  will  conform  to  Navy  requirements  for 
safe  delivery  of  sensitive  materials. 

Hie  report  furnishes  the  basic  material  from  which 
a simplified  cushioning  manual  can  be  developed  for 
the  use  of  depot  packaging  line  personnel  for  whom 
the  cushioning  problem  is  on  a one-at-a-time  basis. 
The  economics  involved  in  the  supply  problem  must  be 
considered  in  the  decision  to  apply  a given  material 
or  in  the  purchase  of  cushioning  materials  for 
stock  and  distribution. 

That  this  ** cushioning  HHJUial*1  be  considered  for 
distribution  to  major  contractors  who  may  be  re- 
quired to  package  sensitive  and  expensive  material 
such  as  electronics  equipment. 
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That  further  implementation  of  the  cushioning 
be  accomplished,  by  investigation  and  development 
of  a simplified  cushioning  manual  for  the  use 
of  the  packaging  line  in  the  depot  for  the  one- 
at-a-time  problem. 
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INTRODUCTION 


A primary  function  of  package  cushioning  material  la  to  minimize 
shock  and  vibration  that  may  be  transmitted  to  the  packaged  article  during 
transportation  and  handling  and  prevent  damage  that  may  result  from  the 
package  being  dropped  and  Jarred.  In  some  instances,  an  article  can  be 
protected  against  these  transportation  and  rough-handling  hazards  by 
using  abundant  quantities  of  any  one  of  the  numerous  available  cushioning 
materials.  However,  by  using  proper  design  the  cost  of  packaging  and 
shipping  can  be  reduced,  appreciable  savings  can  be  made  in  the  amount  of 
materials  used  and  still  provide  adequate  protection  to  the  packaged 
article.  To  properly  design  the  package  in  order  to  BatiBfy  specific 
requirements,  certain  basic  factors  need  to  be  known  or  assumed.  Four 
of  these  factors  are:  (l)  the  weight  per  unit  area  of  the  article  in 

contact  with  the  cushion;  (2)  the  fragility  of  the  article  to  be  packaged; 
(3)  the  severity  of  shocks  expected  during  handling  and  shipment  of  the 
article;  and  (4)  the  physical  characteristics  of  the  cushioning  material 
to  be  used.  This  manual  includes  a discussion  of  these  factors  and 
presents  data  necessary  for  making  the  proper  design  of  cushions  ae 
well  as  the  procedures  used. 

For  use  in  design,  the  fragility  of  the  article  to  be  packaged  is 
expressed  as  its  g-value.  Its  weight  is  assumed  to  be  uniformly  distributed 
over  the  supporting  cushion,  giving  a weight  per  unit  area  value  which  is 
used  in  design  procedures  discussed  later.  That  amount  of  energy  resulting 
from  an  impact  equivalent  to  a 30-inch  flat  drop  has  been  assumed  as  an 
arbitrary  standard  and  the  data  and  illustrations  herein  specify  the 
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thickness  of  cushioning  material  required  to  protect  an  article  from 
energies  of  that  magnitude.  Consideration  is  given  to  a means  of 
preventing  looseness  within  the  pack  during  shipment  and  storage,  as 
well  as  to  such  factors  as  corrosiveness,  dustiness,  and  the  effect  of 
moisture  on  the  cushioning  properties  of  materials. 

This  manual  includes  two  kinds  of  tables.  One  contains  descrip- 
tive data  to  assist  in  procurement  of  the  cushioning  materials  in 
addition  to  some  of  the  properties  of  the  materials, while  the  second  1b 
a series  of  tables  for  use  with  specific  fragility  classes  of  articles 
in  which  the  equired  thicknesses  of  material  to  package  for  given  load 
conditions  is  given. 

Functions  of  Cushioning  Materials 

Cushioning  materials  are  employed  primarily  for  one  or  more  of  the 
following  purposes : 

1.  To  reduce  the  impact  or  vibrational  forces  transmitted  to 
the  packaged  article  during  handling  and  transportation. 

2.  To  block  and  restrict  the  movement  of  the  packaged  articles, 
or  its  component  partB,  within  the  shipping  container. 

3.  To  prevent  abrasion  of  critical  or  finished  surfaces  of  the 
packaged  articles. 

4.  To  pad  projections,  corners,  or  edges  of  the  article,  thus 
preventing  damage  to  other  articles,  to  the  container,  or  to  packaging 
materials  employed  in  the  container. 

Some  cushioning  materials  can  be  used  for  all  of  these  purposes 
while  others  may  be  applicable  for  only  one  or  two  of  these  functions. 
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For  example,  a material  which  is  used  primarily  for  shock  protection 
may  at  the  same  time  serve  as  blocking,  may  prevent  abrasion,  or  cover 
sharp  projections  of  the  article.  Similarly,  materials  used  primarily 
to  prevent  abrasion  may  also  serve  to  reduce  shock.  Hence,  it  must  be 
pointed  out  that  there  are  no  precise  limits  to  the  various  functions 
a cushioning  material  may  perform  in  a package.  However,  in  the 
selection  of  the  most  appropriate  material,  factors  such  as  fragility, 
shape,  size,  weight  and  type  of  article  being  packed,  and  the  packaging 
methods  used,  must  be  considered. 

Cushioning  for  Protection 
Against  Shock 

One  of  the  most  important  and  perhaps  the  most  common  uses  of 
cushioning  is  for  the  protection  of  fragile  articles  against  damage 
from  shock.  Frequently,  to  provide  this  protection,  the  fragile  article 
or  the  interior  container  in  which  it  is  packed  is  completely  surrounded 
by  cushioning  and,  in  effect,  the  article  is  floated  in  the  cushioning 
material.  The  article  in  some  instances  may  be  secured  to  a base  which 
in  turn  can  be  cushioned  against  shock.  Regardless  of  the  method  employed, 
a primary  function  of  the  cushioning  material  is  to  reduce  the  shock  trans.- 
mitted  to  the  article  to  a value  that  the  article  can  withstand  without 
impairment. 

Cushioning  Materials  as  Blocking 
and  Padding 

Some  articles  may  not  require  cushioning  for  protection  against 
shock  resulting  from  external  causes,  but  may  require  cushioning  as 
blocking  or  for  padding  purposes  within  the  package.  The  cushioning  may 
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be  needed  to  block  one  or  more  units  or  component  parts  of  the  article 
into  a specific  position  within  the  container.  Also,  it  may  in  some 
instances  be  important  to  secure  the  article  by  means  of  cushioning  to 
prevent  shifting  and  consequent  damage  to  other  parts  within  the  package. 

To  provide  adequate  protection  for  relatively  heavy  articles 
having  small  surfaces,  it  may  be  necessary  to  increase  the  area  of  the 
bearing  surface  so  as  to  decrease  the  weight  per  unit  area  on  the 
cushioning  material.  Conversely,  with  light,  fragile  articles  it  may 
be  necessary  to  reduce,  or  concentrate,  the  bearing  area  in  order  to 
provide  a weight  per  unit  area  sufficient  to  compress  the  cushion  when 
the  package  is  dropped.  The  reason  being  that  without  compression  no 
cushioning  effect  is  provided. 

Corrugated  fiberboard  in  the  form  of  folded  or  die-cut  pads 
is  frequently  used  for  increasing,  the  bearing  area.  The  waddingB  and 
other  cushions  as  well  may  serve  the  same  purpose.  Bearing  areas  may 
be  decreased  by  strategic  location  of  supporting  pads  smaller  in  total 
area  than  the  surface  protected.  Methods  of  increasing  and  decreasing 
the  bearing  area  are  shown  in  figures  1 and  2. 

Articles  having  irregular  surfaces  need  to  have  projecting 
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portions  and  sharp  edges  padded  or  blocked  to  prevent  damage  due  to 
contact  with  other  articles  within  the  pack,  to  protect  barrier  wraps 
where  used,  and  to  protect  the  side  walls  of  the  container.  For  this 
purpose,  rigid  material  such  as  fiberboard  as  well  as  the  waddings  and 
flexible  wrapping  materials  may  be  used. 


Cushioning  Materials  for  Protection 
Against  Abrasion 


Article  surfaces  which  may  be  marred  by  rubbing  against  wood 
blocking,  strapping,  container  surfaces,  or  other  articles  in  the 
container,  need  some  form  of  surface  protection.  The  use  of  cushioning 
for  this  purpose  differs  from  its  use  for  blocking  and  shock  protection 
in  that  lesser  thicknesses  of  material  are  generally  required. 
Cushioning  materials  for  abrasion  protection  are  ordinarily  supplied 
in  thin  sheet  form,  made  of  soft,  pliable  materials,  often  with  a 
paper  backing  for  strength  and  ease  of  application.  Usually  the  soft 
material  is  placed  in  intimate  contact  with  the  critical  surface 
unless  the  surface  is  also  susceptible  to  damage  by  corrosion.  Such 
surfaces  will  require  additional  protection  which  will  be  discussed 
in  a subsequent  section. 

Characteristics  of  Cushioning  Materials 

Aside  from  cost,  the  following  characteristics  of  cuqAioning 
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materials  will  influence  their  selection  and  application  in  packaging: 

1.  Energy  absorption  capacity 

2.  Resilience 

3-  Texture,  form  and  pliability 

4.  Reaction  to  moisture 

5.  Dusting  characteristics 

6.  Resistance  t^  mold  and  bacteria 

7-  Corrosiveness 

8.  Density 
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Energy  Absorption  Capacity 


All  of  the  cushioning  materials  discussed  in  this  manual  have  a 
capacity  for  absorbing  energy.  However,  some  have  a much  greater 
capacity  for  energy  absorption  than  others.  With  all  of  these  materials, 
energy  absorption  capacity  is  increased  as  the  amount  of  material 
(thickness)  is  increased.  Because  of  the  different  energy  absorption 
capacities  of  the  various  materials,  it  may  be  necessary  to  use  * 
greater  thicknesses  of  some  materials  than  others  in  order  to  provide 
the  same  amount  of  protection.  For  example,  it  may  be  shown  that  a 
specific  application  would  require  a thickness  of  3*5  inches  of  one 
material,  J+.5  inches  of  another,  or  6.0  inches  of  a third  material. 

It  may  also  pointed  out  that  for  another  application  involving  the 
same  three  materials,  but  with  a different  loading  condition  and  a 
different  fragility  index  for  the  packaged  article,  about  equal  thick- 
nesses of  the  same  three  materials  might  be  required.  Therefore,  by 
selecting  the  proper  material  to  do  a specific  packaging  Job,  better 
and  more  efficient  utilization  can  be  made  of  available  materials. 

Resilience 

The  resilience  of  a cushioning  material  is  an  important  physical 
property  which -may 'be-  defined  as  the  ability*  erf  the 'material' to  recover  ' 
its  original  size  and  shape  after  being  relieved  of  deforming  stresses. 
Without  exception  the  recovery  is  not  complete  with  any  of  the  cushioning 
^naterials  discussed  in  this  manual.  Some  of  the  rubberized  products 
and  those  fabricated  from  glass  fiber  approach  complete  recovery  after 
deformation  and  are  the  most  capable  of  withstanding  repeated  shock  loads. 
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In  contrast,  there  are  some  materials,  such  as  some  rigid  foam  plastics, 
that  are  capable  of  absorbing  energy  resulting  from  the  initial  shock 
load,  but  in  absorbing  the  energy  they  may  deteriorate,  disintegrate,  or 
become  permanently  deformed.  The  uses  of  such  products  are  limited  in 
the  packaging  of  war  materiel.  The  materials  that  are  considered  in 
this  manual  exhibit  various  degrees  of  resilience  and  are  capable  of 
regaining,  at  least  in  part,  their  original  shape,  form,  and  shock 
absorbing  capacity  after  repeated  shock  loads. 

Texture,  Form  and  Pliability 

The  texture  of  cushioning  materials  may  range  from  coarse  fibrous 
structures  and  granules  to  soft  smooth  downlike  fibers.  The  basic  fibers 
may  be  bonded  together  into  bats,  BheetB,  castings,  or  blocks  by  the 
addition  of  adhesiveo,  binders,  sizing,  or  by  entvinement  and  interweaving 
of  the  fibers.  Although  the  basic  fiberB  may  be  inherently  soft  and 
pliable  the  addition  of  the  bonding  material,  if  abrasive,  may  limit  the 
use b of  the  material..  However,  Borne  materials,  such  as  creped  cellulose 
wadding,  cotton  wadding  and  sponge  rubber  are  soft  textured  and  can  be 
placed  in  direct  contact  with  easily  marred  surfaces  where  corrosion  is 
not  a factor. 

'The  ability  of  a cushioning  material  to  conform  to  an  irregular 
shaped  article  sometimes  depends  upon  the  thickness  used.  Where  considerable 
thickness  is  required  for  Bhock  protection  it  may  be  more  advantageous  to 

i. 

usei' several  layers  of  a thinner  sheet  rather  than  attempt  to  make  a thick 
sheet  conform.  If  this  is  not  practical,  a different  material  might  be 
chosen. 


-7- 


Reacting  to  Moisture 


Generally,  the  cushioning  materials  included  in  this  manual  are 
hygroscopic,  and  their  shock  absorption  capacity  is  influenced  by 
moisture  content.  With  the  exception  of  excelsior,  the  shock  absorption 
capacity  of  which  is  not  noticeably  affected  by  moisture  content  chang.es 
in  the  range  of  12  to  18  percent,  the  hygroscopic  materials  are  adversely 
affected  by  increases  in  moisture  content.  They  have  less  cushioning 
value  at  high  moisture  content  than  at  low  moisture  content.  Therefore, 
to  insure  proper  shock  protection,  hygroscopic  cushioning  materials 
should  be  kept  as  dry  as  practical.  The  cushioning  materials  included 
in  this  manual  were  conditioned  and  tested  in  a room  maintained  at  80*  F. 
and  30  percent  relative  humidity. 

Of  the  hygroscopic  cushioning  materials,  some  take  up  and  hold, 
large  quantities  of  liquid  in  relation  to  their  weight  and  because  of 
this  unique  characteristic,  special  uses  are  made  of  them.  Absorbent 
cushions  are  often  used  as  protective  wraps  for  bottled  liquids.  In 
this  application  the  cushion  provides  dual  protec tionj  that  of 
insulating  the  bottle  against  shock,  and  of  absorbing  the  liquid  in 
case  the  bottle  breaks,  thus  preventing  damage  to  the  container  as 
well  as  the  adjacent  containers  in  the  shipment  of  storage  stacks. 
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Varying  amounts  of  small  particles  or  dust  often  become  detached 
from  some  cushioning  materials  during  use.  Articles  such  as  sensitive 
electrical  equipment,  gyroscopes,  and  optical  instruments,  the 
operational  function  of  which  may  be  impaired  by  dust  particles, 
should  be  wrapped  or  protected  by  other  means  to  prevent  the  entrance 
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of  dust  when  cushioned  in  such  materials.  Articles  which  are  not 
protected  from  dust  during  use  generally  need  not  be  protected  against 
cushion  dust.  Generally,  with  the  exception  of  sane  of  the  rubber 
materials,  all  materials  dust  to  some  extent.  The  extent  of  dilating 
is  somewhat  dependent  upon  the  amount  of  rough  handling  experienced 
by  the  package . 

Resistance  to  Mold  and  Bacteria 

Most  of  the  cushioning  materials  support  mold  and  bacterial 
growth  when  exposed  to  conditions  of  moderate  temperatures  and  high 
humidities.  Mold  and  bacteria  on  the  cushioning  may  cause  the 
material  to  deteriorate  and  in  addition  may  damage  the  packaged 
article.  In  packages  destined  for  humid  climates,  or  storage  under 
humid  conditions,  protection  should  be  provided  by  means  of  vapor 
barriers  and  the  use  of  desiccants  to  keep  the  encased  cushioning 
material  dry.  The  exclusion  of  moisture  from  the  pack  will  also  help 
to  prevent  corrosion  of  metallic  components  of  the  article. 

Corrosiveness 

Corrosion  may  result  when  cushioning  materials  are  placed  in 
direct  contact  with  metal  surfaces.  If  in  intimate  contact  with  the 
metal  surface,  hygroscopic  materials  will  absorb  and  hold  a concentra- 
tion of  moisture  which  in  turn  may  cause  corrosion  of  the  metal  article. 
It  has  been  found  that  hygroscopic  materials,  whether  neutral,  basic, 
or  acidic,  cause  corrosion  to  aluminum,  copper,  and  iron  surfaces  when 
subjected  to  humid  conditions.  Therefore,  means  must  be  provided  to 
isolate  these  cushioning  materials  from  critical  metal  surfaces  when 
high  relative  humidity  is  expected  during  shipment  cr  storage. 
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Density 

For  a specific  packaging  condition,  it  nay  be  found  that  several 
cushioning  materials  require  the  same  cushion  thickness.  Their  densities, 
expressed  in  pounds  per  cubic  foot,  however,  may  vary  greatly  and  provide 
a logical  means  of  selecting  the  appropriate  one.  For  certain  shipping 
conditions  such  as  air  shipment,  this  factor  may  be  an  important 
consideration . 

Article  Fragility  Expressed  in  Terms  of  a G-value 

G- values  are  used  in  this  manual  els  an  index  of  fragility  of  the 
article  being  packed.  Rugged  articles  have  high  g-value 8 and  fragile 
articles  have  low  g-value s.  For  example,  an  article  having  a g-value  of 
200  is  twice  els  rugged,  or  one-half  els  fragile,  els  an  article  having  a 
g-value  of  ICO. 

The  g-value  or  fragility  fELCtor  of  an  article  as  used  in  this 
manual  is  defined  as  the  ratio  of  the  maximisn  acceleration  the  article 
can  withstand  without  impairment  to  the  acceleration  due  to  gravity,  thus 

o = S. 

g 

where  a -*  maximum  permissible  acceleration  of  article  without  damage 
in  foot-eecond  units 

g = acceleration  due  to  gravity,  32  feet  per  second  per  second 
G - ratio  of  a to  £ or  g-value,  or  fragility  factor. 

Therefore,  if  an  article  could  withstand  without  damage  an 
acceleration  of  6^-00  ft. /sec.'*,  it  would  have  a g-value  or  fragility 
factor  of  200.  The  ELcceleration,  6,400  ft./sec.^,  could  also  be  expressed 
as  200  g* 
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It  may  also  be  shown  that  for  a rigid  object  the  g-value,  G,  ex- 
presses the  ratio  of  the  maximum  dynamic  shock  load,  to  which  an  article 
may  be  subjected  without  damage,  to  the  static  load  due  to  its  own 
weight,  thus 


where  W = weight  of  article  in  pounds 

F - maximum  safe  dynamic  force  in  pounds 
and  G - g -value 

Therefore,  if  an  article  weighing  2 poundB  has  a g-value  of  100, 
it  may  be  subjected  to  a dynamic  shock  load  of  200  pounds  without 
damage. 

At  present  the  g-value  for  various  articles  are  not  generally 
available.  A possible  method  of  determining  g-values,  however,  is  by 
destructive  tests  of  the  article,  recording  the  magnitude  of  the 
impact  or  shock  which  causes  the  article  to  break  or  become  Impaired. 

In  other  words,  the  g-value  .of  an  article,  when  given,  is  a measure  of 
the  ability  of  the  moBt  fragile  part  of  the  article  to  withstand  shock. 

Further,  some  articles  are  capable  of  withstanding  greater  shock 
forces  in  one  direction  than  another.  For  instance,  a shaft  in  a 
recording  instrument  may  be  more  susceptible  to  displacement  by  shock 
perpendicular  to  a long  axis  than  by  shock  forces  parallel  to  the  long 
axis.  Therefore,  the  g-value  for  the  various  planes  of  impact  should 
be  known  so  that  the  most  efficient  cushioning  design  can  be  employed. 
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Design  of  Cushioned  Packs 


To  actuall  design  a cushioned  pack  for  any  specific  article,  the 
fragility  or  g-value  must  be  known  as  well  as  the  weight  per  unit  area 
in  pounds  per  square  inch  for  each  surface  of  that  article  (fig.  3). 
Further,  the  amount  of  energy  to  be  absorbed  by  the  cushion  during 
rough  handling  must  also  be  determined.  The  energy  to  be  absorbed 
by  the  cushioning  material  represents  the  difference  between  the  total 
amount  cf  energy  resulting'  from  the  rough  handling  encountered  and  the 
amount  that  the  article  can  be  subjected  to  without  impairment.  The 
cushioning  data  in  this  manual  are  based  on  an  assumed  drop  height  of 
30  Inches.  Besides  the  energy-absorbing  properties  of  cushioning 
materials,  other  factors  such  as  corrosiveness  and  whether  or  not  the 
cushioning  properties  are  changed  by  low  temperature  must  be  considered. 

Selection  of  Cushioning  Material 

After  determining  the  requirements,  selection  of  the  proper 
cushioning  cam  be  made  b/  using  Table  No.  1 (Ordering  Data  and  Other 
Properties)  and  the  proper  Fragility  Class  Table.  The  Fragility  Class 
Table  lists  the  materials  in  accordance  with  the  nominal  and  compressed 
thicknesses  required  f’or  the  various  article  weight  classes.  Generally, 
the  selection  will  be  a material  that  will  satisfy  the  requirements 
with  the  least  thickneBB  of  those  materials  available.  However,  various 
other  factors,  Buch  as  cost  of  material,  weight,  cubage,  freight  rates, 
etc.,  should  be  considered  at  the  same  time. 
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Compressing  the  Cushion  When  Packing 


As  previously  stated,  after  some  cushioning  materials  have  been 
compressed,  they  do  not  necessarily  recover  to  their  original  thickness. 
Therefore,  to  minimize  excessive  looseness  within  the  pack  during  shipment 
or  storage,  these  materials  require  certain  degrees  of  compression  at  the 
time  of  packing.  The  extent  of  compression  depends  upon  load  conditions. 
For  this  reason,  the  compressed  thickness  as  well  as  the  original  thickness 
of  the  cushion  is  shown  on  the  Fragility  Class  Tables.  Some  of  the 
compressed  thicknesses  can  be  attained  by  hand  compression,  others  cannot. 

The  amount,  of  hand  compression  attainable  for  each  cushioning 
material  is  shown  as  a percent  value  of  the  nominal  thickness  in  Table 
No.  1.  This  value  is  only  approximate  because  the  amount  a cushioning 
material  can  be  compressed  by  hand  will  vary  with  the  person  packing, 
time  and  care  taken  in  packing,  type  of  container  used,  size  and  shape  of 
article  to  be  packed,  the  thickness  and  shape  of  the  cushion. 

For  compressed  thicknesses  th a^,  cannot  be  obtained  by  hand  compres- 
sion, mechanical  means  such  as  Jigs  may  be  used.  In  some  instances, 
however,  Buch  procedures  may  not  be  practical.  Further,  if  only  a limited 
number  of  containers  are  to  be  packed,  the  preparation  of  Jigs  may  be  too 
costly.  In  other  instances,  the  shape  of  ' the' article 't'o' be'  cushi'ohfed'rilay 
be  such  that  Jigs  cannot  be  used.  For  applications  where  it  is  not 
practical  to  employ  mechanical  means,  the  alternative  is  to  compress  the 
cushion  as  much  as  can  be  accomplished  by  hand. 
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To  illustrate,  as sue*  that  a container  is  being  designed  for  an 
article  falling  within  the  fragility  class  G-8  (150-199  F)  and  having 
a weight  per  unit  area  within  the  L9  range  (0.45  thru  0.5^  lb./sq.  in.)* 
After  studying  Fragility  Class  Table  G-8  and  Table  No.  1,  material 
No.  16  is  selected  as  the  most  appropriate  for  that  specific  application. 
It  may  be  seen  in  Fragility  Class  Table  G-8  that  material  No.  1 6 for 
packaging  code  L9  requires  4 inches  of  cushioning  compressed  to  2 Inches 
when  packed.  However,  Table  No.  1 shows  that  this  material  can  be 
compressed  by  hand  only  approximately  30  percent.  Therefore,  unless  Jigs 
can  be  used  to  accomplish  the  compression,  the  30  percent  can  be  vised  as 
a compression  requirement.  Hence,  the  4 inches  of  cushioning  will  be 
compressed  to  about  2-3 A inches  instead  of  2 inches.  In  designing  the 
proper  size  of  container,  allowance  for  the  compressed  cushion  shall  be 
made.  Less  compression  than  indicated  in  the  Fragility  Class  Tables  may 
cause  slight  loosening  within  the  pack  during  shipment  or  storage  but 
will  not  adversely  affect  the  shock  absorbing  property  of  the  cushion. 

It  must  be  pointed  out  that  the  cushioning  materials  should  not  be 
compressed  more  than  indicated  In  the  tables. 
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Cushioning  Safety  Factor 


The  cushioning  data  in  this  manual  are  based  or.  the  energy- 
absorbing properties  of  the  cushioning  materials  alone.  For  each 
packaging  condition  in  the  Fragility  Class  Tables,  a cushioning  safety 
factor  has  been  included  and  therefore  no  additional  cushioning  1b 
deemed  necessary.  In  addition,  the  shipping  container  in  which  the 
cushioned  article  is  packed  will  absorb  a portion  of  the  energy.  The 
amount  may  vary  greatly  depending  upon  the  type  of  container  used  and 
the  direction  cf  the  impact  upon  the  container.  For  instance,  a fiber- 
board  container  dropped  on  a corner  may  absorb  a major  portion  of  the 
energy  by  the  crushing  of  the  comer.  Also,  in  a wood  container,  the 
racking  effect  of  a comer  or  edge  ^*op  will  absorb  an  appreciable 
portion  of  the  energy.  The  ability  fif  a container  to  absorb  energy 
can  therefore  be  considered  en  additional  safety  factor. 

Determination  ~»f  Container  Size  to 
Include  Cushioning 

Three  design  procedures  for  cushioned  packs  are  presented.  In 
choosing  the  proper  procedure,  consideration  should  be  given  to  such 

factors  as  procurement  and  supply,  the  economics  involved  in  the 

t 

efficiency  in  packing  and  shipping,  and  storage  costs. 

After  a cushioned  pack  has  been  designed  for  a specific  article, 
the  cushioning  material  selected  becomes  an  integral  part  of  the  packing 
design.  Fe^  cushion! substitutions  can  be  made  for  a given  container  and 
article  without  reconsidering  size  of  container,  because  each  cushioning 
material  may  require  a different  thickness  for  the  same  shock  protection. 
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Generally,  each  of  the  three  methods  of  designing  a container  of 
the  proper  size  Includes  consideration  of  the  article  and  cushion.  A 
method  of  design  and  the  procedure  involved  is  illustrated  in  figure  3. 

Method  A 

Tills  method  consists  of  the  use  of  a single  material,  the  thick- 
ness of  which  may  be  different  for  each  face  of  the  article.  The  cushion 
thickness  for  each  face  is  dependent  upon  the  fragility  and  weight  per 
unit  area  applicable  to  that  face.  On  the  basis  of  efficient  cushion  use, 
tnis  method  is  a compromise  between  the  other  two  methods  to  be  described. 
It  is  suggested  that  the  cushioning  instructions  for  this  method  of 
design  be  in  detail,  naming  the  cushioning  material  to  be  used  and  the 
cushion  thicknesses  needed  for  each  face  of  the  article. 

Method  B 

The  Method  B design  is  a simplified  form  of  Method  A.  It  differs 
f om  Method  A in  that  instead  of  using  various  thicknesses  of  the  same 
cushion  for  the  different  article  faces,  the  article  is  cushioned  on  all 
faces  with  one  thickness  of  material,  the  thickness  of  cushioning  being 
that  required  to  protect  the  article  on  the  side  requiring  the  greatest 
thickness.  Although  more  cushioning  material  than  necessary  is  used 
in  this  procedure,  it  simplifies  application  and  instructions. 

Reference  can  be  made  to  the  Fragility  Class  Tables  in  this  manual 
by  means  of  a packing  code  explained  in  "Cushion  Uee  on  the  Packaging 
Line,"  pa^e  {21. 
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Method  C 


The  Method  C of  cushioning  design  results  in  the  most  efficient 
use  of  cushioning  materials.  Several  materials  may  he  required  to  cushion 
one  article,  in  that  each  surface  or  plane  of  the  article  is  treated  as  a 
separate  unit  for  design  purposes.  Generally,  the  thinnest  material  that 
will  provide  the  proper  protection  for  each  surface  will  be  selected. 

The  cushioning  instructions  for  this  method  will  need  to  be  in  detail. 

The  use  of  several  cushioning  materials  requires  an  assured  supply  of  the 
several  selected  materials  as  compared  to  one  material  for  the  first 
two  methods. 

Comparison  of  Cushion  Designs 

Because  of  the  many  fluctuating  economic  and  supply  factors 
involved,  a complete  evaluation  of  the  various  methods  of  design  is 
not  practical  for  presentation  in  this  manual.  One  method  of  evaluation 
can  be  made  on  the  basis  of  container  volume  (cubage)  comparisons  for 
the  three  methods  of  design.  Figure  4 is  used  aB  a basis  for  the 
necessary  calculations.  The  article  weighs  30  pounds  and  is  so 
constructed  that  the  fragility  is  different  in  each  of  three  principal 
directions  of  the  article. 
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Method.  A 


1. 

Cubage  of  article 

3‘0 

cu. 

ft. 

2. 

Thickness  of  material  No.  3 needed  for  ends  (120  g)  -»  2.25  in. 

3- 

Thickness  of  material  No.  3 needed  for  sides  (300  g)  ■ 0.75  in. 

k. 

Thickness  of  material  No.  3 needed  for  top  and 

bottom  (4o  g)  « 3«50  in. 

5- 

Cubage  of  the  cushioning  material 

3.0  cu. 

ft. 

6. 

Total  cubage  of  article  and  cushioning  material 

6.0 

cu. 

ft. 

Method  B 

1. 

Cubage  of  article 

3.0  cu. 

ft. 

2. 

Thickness  of  material  No.  3 used  for  ends  (120  g)  - 3*50  in. 

instead  of  2.25  in. 

3- 

Thickness  of  materiel  No.  3 used  for  sldeB  (300  g)  • 3. 50  in. 

instead  of  0.75  in. 

h. 

Thickness  of  material  No.  3 needed  for  top  and 

bottom  (40  g)  •»  3*50  in. 

5- 

Cubage  of  the  cushioning  material 

6.0 

cu. 

ft. 

6. 

Total  cubage  of  article  and  cushioning  material 

2: g 

cu. 

ft. 

Method  C 

1. 

Cubage  of  article 

3-0  cu. 

ft. 

2. 

Thickness  of  material  No.  11  needed  for  ends  (120  g)«1.75  in. 

3- 

Thickness  of  material  No.  2 needed  for  aides  (300  g)  = 0.5C  in. 

Thickness  of  material  No.  3 needed  for  top  and 
bottom  (40  g)  = 3*50  in. 

5- 

Cubage  of  the  cushioning  material 

2.6 

cu. 

ft. 

6. 

Total  cubage  of  article  and  cushioning  material 

5-6 

cu. 

ft. 

-18- 


The  three  methods  of  cushioning  design  employ  significantly 
different  amounts  of  material,  3*0*  6.0,  and  2.6  cubic  feet,  to 
cushion  the  same  article  against  the  same  shipping  conditions.  Where 
shipping  or  storage  space  is  a critical  factor,  minimum  cubage  may  be  an 
important  consideration  of  design. 

Cushion  Design  for  Irregular 
Shaped  Articles' 

The  cushioning  of  odd- -shaped  articles  is  sometimes  simplifed 
by  first  blocking  or  padding  the  article  to  more  or  less  regular  form 
before  proceeding.  This  may  require  the  use  of  special  forms,  die -cut 
pads,  or  other  devices.  Every  article  of  different  shape  and 
characteristics  will  require  individual  study.  An  illustration  of 
cushioning  irregular • shaped  articles  is  presented  in  figure  5- 

Summary  of  Cushioning  Design 

For  proper  cushioning  design: 

1.  The  fragility  of  the  article  to  be  cushioned,  G,  should  be 
known.  This  information  may  be  furnished  by  the  manufacturer  or 
determined  by  the  user. 

2 . 'T’nA  severity  of  shock  oxpsctsd  during  hsuidling  shipEsnt 
of  the  article  is  arbitrarily  designated.  The  design  data  in  this 
manual  (Fragility  Class  Tables)  are  based  on  the  average  energy 
equivalent  to  a 30-inch  drop. 

3.  The  weight  of  the  article,  expressed  in  pounds  per  square 
inch  of  bearing  surface  (weight  per  unit  area),  must  be  calculated  for 
each  bearing  surface  of  the  article  (fig.  3). 
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4.  Other  factors  such  as  performance  under  low  temperature 
exposure,  dusting  characteristics  of  cushioning  materials^  and  the 
effect  of  moisture  content  on  cushioning  properties,  etc.,  should  he 
considered  when  selecting  a cushion.  (The  design  data  in  this  manual 
are  based  on  cushion  performance  at  80*  F.  and  30  percent  relative 
humidity. ) 

5 . The  cushioning  material  which  provides  the  necessary  shock 
protection  with  the  least  thickness  (Fragility  Class  Tables  G-2  to 
G-ll)  and  meets  the  other  requirements  previously  stated  in  No.  4 
should  be  selected  (Table  l). 

6.  The  compressed  thickness  necessary  is  also  shown  on  the 
Fragility  Class  Tables  G-2  to  G-ll.  For  a specific  material  and 
packaging  condition,  the  compressed  thickness,  where  applicable,  is 
listed  directly  under  the  nominal  thickness  in  the  tables. 

7.  A method  of  design  must  be  selected  (A,  B,  or  C,  page  16), 

and  the  container  must  be  so  designed  to  permit  the  use  of  the  required 
t 

amount  of  compressed  cushioning.  Some  materials  such  as  foam  rubber 
may  or  may  not  require  compression  when  packing  depending  upon  cushion 
compression  due  to  the  dead  weight  of  the  article.  Too  large  a container 
will  require  more  material  than  necessary  to  fill  the  voids  and  too 
amall  a container  will  not  permit  the  application  of  enough  cushioning 
material  for  proper  shock  protection. 

8.  The  cushioning  material  selected  must  be  considered  as  an 
integral  part  of  the  design,  because  for  a given  packaging  condition, 
the  various  materials  may  require  different  nominal  or  compressed  thick- 
nesses which  in  turn  would  influence  the  size  of  the  container  required. 
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Substitution  of  another  cushioning  material  for  the  same  article  and 
container  may  be  made,  providing  the  required  thickness  is  the  same  for 
the  substitute  material. 

Cushion  Use  on  the  Packaging  Line 

The  proper  cushioning  of  an  article  on  the  packaging  line  can 
be  accomplished  only  if  the  basic  cushioning  data  are  furnished . The 
instructions  must  Include  the  name  of  the  material  to  be  used,  and  the 
thickness  necessary.  Also,  the  proper  size  and  shape  of  container  to 
accommodate  the  specified  article  with  the  correct  compressed  thickness 
of  cushion  (fig.  3)  on  all  sides  must  be  provided. 

Depending  upon  the  design  used,  cushioning  instructions  may 
necessarily  have  to  be  detailed  or  they  may  be  supplied  in  a code  which 
is  applicable  to  the  Fragility  Class  Tables  in  this  manual.  For  example, 
a term  such  as  G-U/L1-M16  may  be  used.  This  means  that  on  Fragility  £Lass 
Table  G-4,  by  croc  referencing  packaging  code  LI  and  material  No.  1 6, 
the  nominal  and  compressed  thickness  can  be  obtained.  Therefore,  it 
can  be  seen  that  h inches  of  material  No.  16,  compressed  to  3-3 A inches 
is  necessary  to  cushion  all  faces  of  the  article. 
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Table  1. --Ordering  data  and  other  properties  of  cushioning 


material. 


(M  92787  F) 
(M  92788  F) 
(M  92789  F) 


M 927^  F 


X «f  I 


(ContlMMd) 


SfaMt  2 of  3 


Fragility  Class  Tables 
G-2  (10  g-24  g)  Through  G-ll  (300  g-350  g) 

The  nominal  thickness  with  the  corresponding  compressed 
thickness  shown  directly  below  are  liBted  for  each  material 
and  packaging  condition.  Where  only  a Bingle  value  is  Bhown, 
it  represents  the  nominal  thickness  and  compression  during 
packaging  is  not  necessary. 


Material  Mo 


I 


-•  uv,  i .'  .j5*»>«..L*£s^v ' i 5»  ■ 


Fragility  Clast  0-2  (10^-2^) 


Packaging  Coda 
I L6  I L7  I I 


j U2  I u: 


Weight  par  Unit  Area  of  Article  to  ba  Paekagad 


k Walght  par  Unit  Area  of  Article  to  be  Packaged 

3 

h Pound*  par  iquara  inch 

$ 

S 0.05  0.10  0.15  0.20  0.25  0.30  0.35  0.40  0.45  0.55  0.65  0.85  1*05 

thru  thru  thru  thru  thru  thru  thru  thru  thru  thru  thru  thru  thru 

0.09  0.14  0.19  0.24  0.29  0.34  0.39  0 .44  0.54  0.64  0.84  1.04  1.25 


3.25  4.25 

2.25  2.5u  3.75  lr.  25  5.00 

2.25  2.75  3.00  3.50  3.50  3-75 


4.50 

3-25 

4.25 

4. co 

3.25  4.25  5.00 

3.25  4.00  4.50 


2.75  3.50  4.25  5 .00 

2.00  2.75  3.00  3.25  3.50  3.75  4.oo 

2.00  2.25  2.75  3.00  3.50  3.75  4.00 


4.5c 

•4.00 


2.50  3.25  3.50  4.00  4.50  4.75  5.oo 

1.75  2.00  2.00  2.25  2.25  2.50  2.50 


4.00  5.00 

16  3.75  4.25 

17  U’50 
f 3.25 


3.50 


Fra,;ilitv  Class  G-4 


jntinued) 


n 1 12  i L3 

Packaging  Coda 

, 1 U 1 L5  1 L6  1 L7  1 L8  1 

W ! LLO  1 Lll  i LI  2 ! L13 

Weight  par  Unit  Area  of  Article  to  be  Packaged 

1.25 


21  2.25  3-00  3.75  4.25  5.00 

22  2.00  2.75  3.50  4.00  4.50 

23  2.25  3.0c  3.50  3.75  4.25 


~ 2.50  3.50  4.25  5.00 
' 2.50  3.25  3.50  4.00 


4.50 

3.50 


Z X 91969  T 


! 


Continued) 


m Weight  p«r  Unit  Are*  of  Artlole  to  bo  Packaged 

3 

u Pound • per  square  inch 

J 0.09  | 0.10|  0.15!  0.20|  0.291  0.30 1 0.35 1 0.40|  0.45  1 0.551  0.651  0.85|  1.05 


4.50 

2.5^ 

2.75  3-50  4.25  4.75 

2.50  2.75  3.00  3.25 


1.75 

1.50 

1.50 

5.00 

3-75 


2.25  2.75  3.25  3.50  4.00  4.50  5.00 

2.00  2.50  3.00  3.25  3.75  4. -to  4.50  5.00 

2:00  2.25  2.50  2.75  3.0c  3.50  3.75  4.25  5.0 


3.50 

3.00 

2.00 

2.00 

4.25 

3.75 

4.50 
4.25 


3.50  4.oo  4.5/  5.00 
3.00  3.-5  4.50  4.00 


3.50 

2.50 


4 02  5.0<J 

3-^5  3.50 


Z M 91969  r 


Fra  ill  / C.Virn  C-  (l  r -12k') 


— 

Packaging  Coda 

Jj 

L2| 

L 13.1 

L4 

L5 

L6 

L7 

L8 

m 1 uo  1 m 1 

U2 

|U3 

• 

& 

Haight  par  Unit  Am  of  Artiola  to  b«  Packaged 

3 

ft 

Pound*  par  squara  inch 

1 

0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.45 

0.55 

0.65 

0.85 

1.05 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

thru 

1.29 

0.09 

0.14 

0.19 

0.24 

0.29 

0.34 

0.39 

0.44 

0.54 

0.64 

0.84 

1.04 

Inc 

haa 

1 

1.75“ 

2.50 

3.00 

3.50 

4.00 

4.75 

• ~ 

1.-5 

1.75 

. Oi . 

2.50 

2.7, 

3.00 

3.25 

3.50 

4*oo 

4.50 

5.00 

^ ■ 

3 

1.50 

I?  75 

.2.00 

2,2.5 

2.25 

2.  O'- 

2.5j 

2.75 

3.00. 

3.25 

3.59 

375 

4.00 

L 

2.J5 

*2.75 

3.25 

3oO 

4.00 

.4.50 

4.75 

5.00 

k- 

1-75 

2,00 

2.0J, 

2.00 

2.25 

2.25 

2.55 

t-  ♦ 5‘J 

5 

2.5  0 

3.25 

3.75 

4.25 

4.75 

5.00 

• • . 

2.00 

2.00 

2.25 

2.25 

0.50 

2.50 

>r6 

-3.25 

2. 05 

4.25 

2.50. 

,5.00  . 
2.5C 

r-/  ; 

V’  * 

■ 

Jj  ■ 

^ • 

f-n  ' 

' •— «^<r  - 

-/i.. 

7 

2775" 

3.50 

4.00 

4.50 

5.  co 

2.50 

3.25 

3.50 

3-75 

4.-5 

'*■ 

a 

2.  OO 

2.50 

3.0c 

3.25 

3.50 

4.00 

4.25 

4.50 

TT--o 

• 

2.0G 

2.50 

2.75 

3.00 

3.00 

3.25 

3.25 

3^?5 

3.25 



9 

1.50 

2.00 

2.5-- 

3.00 

5.25 

3.75 

4. Op 

*.25 

5-0  0 

10 

1» 

1.50 

1.75 

2.0v> 

2 . 25 

2.5- 

2 ./ 

2.75 

3.0: 

*?  *;  n 

375 

4.25 

4.50 

11 

1.00 

1.-5 

I.50 

1.75 

d . CO 

2.25 

2.  50 

2.5 

3.-C 

3.^5 

375 

4.5 

5.00 

2.5^ 

3.00 

3.-5 

3.75 

4.00 

4.^5 

4.5  ' 

5.00 

1J 

2.25 

2.50 

2.75 

2.75 

2.75 

2.75 

2.75 

13- 

3. 20 

3.25 

3.5-- 

3.75 

4.00 

4.25 

4.25 

4.5 

4.75 

5.  >0 

-2.2J 

2/25- 

2‘.  5" 

2;50 

-T.T5 

2”.  75 ' 

C.  * 7S 

75' 

•2.75 

2.75 

14 

1.50 

2.  y> 

2.25 

2.5.' 

2.75 

2.75 

3.00 

? iC 

J • -y 

0.5 

375 

4.25 

4.5. 

5.00 

1-5 

1.25 

1--5 

1.-5 

1.50 

1.50 

1.50 

1.5 

1.50 

1.50 

1.5- 

1.50 

1.5- 

15 

2.50 

3.50 

4.op 

5. CO 

1 

J 

1 

* 

1.75 

2.2.5. 

J.5!i 

0.75 

1 

ft 

1 

\ 

1 

10 

2.25 

2.75 

3.25 

3-75 

4.00 

4.5 

4.75 

2.00 

2.25 

2.75 

2.75 

2.75 

3.00 

3.25 

17 

2.50 

3.25 

4.00 

4.50 

5.00 

a 

2.00 

2.25 

2. 5o 

2.50 

2.50 



-in  91969  r 


Might  per  Unit  Atm.  ot  Article  to  b«  Packaged 


1*.  25  4.50 
2.75  2.75 


2.25 

2.00 

1.75 

4.7$ 


l.oo  3.25 
2.7;  3.00 
2.00  2.25  2.50 


4.00  4.50  5.20 

3.i?  4.ou  4.5c  3.00 

3.00  3.50  4.00-  4.75 


4.50  5.00 

3.50  3.25 

2.75  3.25  3-75  4.25  4.50  5.00 

2.50  2.75  3.00  3.25  3.25  3,25 

3.50  3-75  3-75  4.00  4.oo  4.25  4.25  4.5„ 

3.00  3.25  3-2?  3.2?  3.25  3.50  3.50  3.50 


4.75 

3 5-> 


5.oj 

3-75 


3-75  3-75  4.0C  4.00  4.25  4..;5  4.50  4.50  4.75 

3.25  • 3.-5-  3-52.  -3-50  • 3«50  3.-5&1  3.'5-'  3'.3Cr  '3'.7J 

3.50  4. 00  4.50  4.75  5-00 

2.50  2.50  2^.50  2.50  2.50 


4.50  4.75  5.00 
2.25  2.50  2.5: 


Z M 91909  T 


Of  TWT’M'W 


1.50 

1.1-5 


F a ill  ty  Clar.c  G-7  ( 12  5,' -149/:) 


Might  por  Unit  Aro*.  o t Arttolo  to  bo  Pookogod 


3.00 

L . '10 

1.75  2.uc 

3.00  3.50  3.75 

2.00  2.-00 


4.25 

2-5C 


2.  JO  2.1-5 

2.75  3.25 

2.00  2.00 


4.75 

2.00 


4.75 

3.XJ 

2.25 

3.25 

2.50 

U.25 

2.00 

4.75 

2.00 

4.75 

2.00 

5.00 

2.00 

3.75 

2.73 

4.25 

2.75 

3.50 

2.25 

•2.25 

4.00 

2.  r>0 
2.50 

4.00 

2. 05 

4.25 

2.25 

3.75 

2.25 

3.75 

2.25 

2.75 

1.25 

3.00 

l.<5 

4 . 00 

2.50 

4.50 

2.50 

4 25  5 00  1 

3 ox)  I 3*25  I 3.50 


1 n 91969  r 


Fragility  Claes  0-7  (I25e-l49g)  (Continued) 


Walfht  por  Unit  iro*  of  Artiolo  to  bo  Faokofod 


1.25 


3-25  3.50  3-75  4.25  4.50  5.00 

2.25  2.25  2.25  2.25  2.25  2.25 


21  1.25 

22  1.0c 

23  1.00 


2.25  2.50 
2.00  2.25 
1.75  2.00 

4.25  4.50 
2.75  2.50 


3.25  3.75  4.25  5-00 

3.00  3.25  3.75  4.50  5.00 

2.50  3.00  3.25  4.00  4.75  5-QO 

4.75  5.0-0 

2.50  2.50 


4.00 

3-00 


3.00 

2.50 


4,50  5-00 
3.00  3.00  3.00 

3.25  3.50  3.50  3.50  3-75  4.00  4.00 

2.75  2.75  2.75  2.75  3.00  3.00  3.00 

3.25  3.25  3.5c  3.50  3.50  3.75  4.00 

2.75  2.75  2.75  2.75  2.75  3.00  3.00 

4.50  5.00 

.•.25  2.25  2.25 


4.50 

2.75 


3.50  4.00  4.25  4.50  4/75 
1.75  2.00  2.00  2.00  2.00 


z x 91909  r 


IJKtWrtW?.  .t 


Fragility  Cla8B  0-8  ( 150g~199^) 


Haight  p «r  Unit  im  of  irtlolo  to  b«  Faokagod 


1.75 

1.50 

2.00 

1.50 

2.0.'; 

1.50 

2.00 

1.50 

2.50 

1-75 

3.0C 

1.75 

2.25 

2.25 

'2.75 

2.50 

1.50 

1.50 

1.75 

1.75 

1.25 

1.00 

.75 

1.50 

1.25 

l.CO 

1.75 

1.50 

2.00 

1.75 

2,00 

1.50 

2.25 

1.75 

1.25 

1.00 

1.50 

1.00 

2.  CO 

1.50 

2.50 

1.75 

1.50 

1.25 

2.00 

1.75 

2.00 

1.50 

2.25 

1.50 

3. CO 
1.75 


4.00 

1.75 


4.75 

3-75 


4.50 

0.00 


3.00  3-75  4.25  4.75 

2.50  2.75  3-00  3.25 

4.50  5.00 

2.00  2.00 


4.00  4.75 

2.25  2.50 

4.00  4.75  5.00  - 

2.50  2.75  3.00  3.50 

2.50  2.75  3.25  3.50 

3.75  4.25  4.50  5.00 

2.00  2.00  2.00  2.00 

3.50  3.75  4.00  ‘ 
2.00  2.00  2.25 

2.75  3-00  3.5O 

1.00  1.00  I 1.00 


4. jo  4.25  5.00 

2.00  2.00  2.00 


F-a  .ili-.y  Class  0-8(1501-199:)  (Continued) 


Weight  p«r  Unit  Atm  of  Artloln  to  bo  Pnokngnd 

% 


21  l.'O 

22  I 1.00 

23 


3.00 
1.75 

1.25 

1.25 

1.00 


/loo 

1.50 

2.00 

2.00 

2.25 

2.00 

2.25 

2.00 

2.00 
2 .00 

2.25 

2.00 

1-75 

1.50 

2.00 

1.50 

2.25 

1.75 

2.75 

2.00 

2.50 

2.00 

3.50 

2.50 

2.00 

2.25 

1.50 

I-  ' ^ - 

-.-5  2 


4.oc 

2.50 


5.00 

2.00 

2.25 

2.00 

1.75 

2.5c 

*-.2-5 

2.00 

3.75 

2.25 

4.00 

2.25 

4.50 

2.50 

4.75 

2.50 

3.00 

2.50 

3.25 

2.50 

2.50 

‘-.^5 

2.75 

2.0 

2.50 

2.25 

2.50 

2.25 

3.00 

1.75 

3.25 

1.75 

3-75 

4.25 

2.25 

3.50 

1.75 

3.75 

1.75 

2.00  2.00 


3-00  3.25 
-■•50  3.00 

2.25  2.50  I 3.00 


5.00 

4.50  5.00 
4.25  4.75 

r5  5.00  5.00 
-5  2.75  2.75 


4.00  4.50  5.00 

2.50  2.50  2.50 

2.75  3.00  3.00  3.25  3.25  3.50 

2.25  2.50  2.50  2.50  2.50  2.50 

2.50  2.75  2.75  2.75  3.00  3.00 

2.25  2.25  2.25  2.25  2.50  2.50 

4.00  4.25  4.75 

2.00  2.00  2.00 


4.25  4.50  5.0c. 
2.00  2.00  2.00 


Fragility  Class  0-9  (200g-2^9t) 


Might  por  Unit  Aroo  of  Artiolo  to  bo  Poekagod 


Z N 91909  r 


Fia  il  ty  Class  G-lU  (250  ,-299.:) 


Packaging  Coda 
i L6  I L7  I 


i U0  i 


Weight  par  Unit  Araa  of  irtiola  to  ba  Packaged 


1.75 
1.  5 


1*75 

3L-JO 


1*75 

1.5C 

1.25 

1.00 


3.925 

-i‘.-v-5 

3»vjo 

.syci 

i.75 

l.5i 

1*75 

1.25 

l.oo 


2.25 


1.-5  1.25 
•75  -75 

,.00  .5 

1. C5  1.25 

1.5c  i.75 
1.00  1.25 

2.  • 0 2...  5 

1.00  l»vO 


1.75  1.75 


1.2$ 


1.75 


1.50 

.75 

• 5 
1.25 


2. 

1.5  J 
x:5 

;..-5 

1.25 

...50 
1*  $ 

3.50 

1.--5 


2.00 

1.75 

1.75 

1..5 

1.-5 

...00 

1..5 

1.75 

1.25 


•-♦75 

l.;*5 


2.75 

■1.00 


• » a 

«w*  .* 

1.5: 

1.50 

2.5n 

1.-5 


- • S'-*. : 
1.73 

1.-50. 

-50 

1.-5 


3.50 

2.25 


2."0 

1.50 

i.:$ 


2.  CO 

1.25 


3-  - 

1.25 

2.25_ 

1,-5 


<-  • w / 

1.50 


3.0C 

O /*  /t 
* * ■s” 

2.75 

1.-5 

3.  'O 

l«-5 


4.00 

'2.-5 


2.5?: 

1.75 

1.50 


2.  : 
1.25 


-1*75 

3.-C 
1.  5 


1 

4.59 

2,-5 


4,-5 

2.5, 

2*u> 


$;oc 

2.7T 

2.«.0 


1. 5 1 


1-75 

1.5^' 


2.$o 

1.25 


2.5.' 

1.25 


5.00 

2.  JO 

3.25 

1.75 

3—5 
2,  ,0 

t.,X 


2.25 

1.25 


^.5 

1.25 


4.51 

1.00 


3.50 

1.75 


3.C0 

1.-5 


2.-5  .2.50 

.75  .75 

5.<o 

1.25 

3.5  ^.CK' 

1.-5  1.25 

•5.00 

1.2$ 


Fragility  Cl.iss  G-1G  (250g-299s)  (Continued; 


mm 

Packaging  Code 

U 1 15  Ll6_L  vr  1 L8 

LwJ 

110  1 LU  1 U2  | U3 

Wslfbt  per  Unit  Area  of  Art  idle  to  be  Packaged 

founds  per  square  inch 

0.09  i 0.101  0.191  0.201  0.291  0.901  0.391  0.401  0.491  0.951  0.651  0.051  1*0 


1.25 


1.751  2.25  I 2.75  I 3-00  | 


1.00 


1.50  2. GO 

1.00  1.00 


3-50  1 3-75 

I. 00 

2.25 

J. 25 


1.00 

2.25  2.50 

1.50  1.50 

3.75  U.50 

2.50  2.50 

2.75  3. 00 

2.  .-5  2.00 

2.00 
1.75 


2.50  2.50 

1.50  1.50 


3.50  3-75 
2.00  2.', X) 

^'.25  2.50 
2.00  2. GO 


2.50  3.  Go  3.25  3-75  4.00  £.50 
1.25  1.25  1.251  I.25  1.25  1.25 


2. 00  2.^5  2.50  3. 00  3.50  4.co 

1.75  2. CO  2.25  2.50  3.00  3.50 

1.50  1.75  2.00  2.5r'  3.00  3.25 

2.75  2.75  3. 00  3-00  3.25  3.25 

1.50  1.50  1.50  1.50  1.50  1.50 


4.25  4.75  I 5-00 

2.00  1.75 


.1.25. 

1 . 2S 


1.50  1.75 
1.00  1.00 

2.00  2.25 
1.50  1.5^, 

3.00  3.5O 

2.00  2.00 

1.75  2.00 
1.00  1.00 


2.75  3 • 00  3*5^ 
2.00  2. 00  2.00 

1.75  1.75  1.75 

1.50  1.5C  1.50 

1,50.  .1.50.  X50 

1 ',C  10c  l nc 

- • - y j I * v 


4.50  5.00 

2.  U0  2.00 

2.00  2.00  ^.00 

1.50  1.50  1.50 

1..5G,  .1..50.  -1..75 
1.25  1.-5  I.50 


2.00 

1.00  1.25 

2.50  .-.75 

\-rj0  1.50 

4.00  4.50 

2.00  2.00 


P.50  2.75  3.00  3.50  3.75  4.25 

1.25  1.25  1.25  1.25  1.25  1.25 

3. co  3.25  3.50  4.00  4.50 

l.fo  1.25  1. 25I1. 25  1.25 


3.00  3.25  3.50  4.00 
1.25  1.25  .1.25  1.25 


1 n 91909  r 


Fragility  Class  0-11  (3^R"350g) 


Packaf  ing  Coda 

I LA  I L5  I L6  ! L7  ! L8  ! L9  I UO  i U1  I U2  I L13 


Weight  par  Udt  Atm  of  Artie  la  to  be  Paokifed 


1.75  2.00 

1.25  1.25 

1.25  1.25 
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Figure  1. — Increase  bearing  surface  by  use  of  fiberboard. 

(M  92784  F) 

/ 


! 


* 


r 


Figure  2. --Two  methods  of  reducing  bearing  surface  by 
use  of  fiberboard.  • 
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Figure  3. --Determination  of  velght  per  unit  area  fov  eacl 
face  of  article  to  be  cushioned  and 
illustration  of  cushion  design. 
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Figure  4 — Basic  data  for  "Comparison  of  Cushion  Designs," 
page  17,  illustrating  the  various  amounts 
of  cushioning  necessary  when  using  cushioning 
methods  A,  B or  C. 
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Figure  5 Cushioning  of  irregular  shaped  article,  showing 


method  of  determining  weight  per  unit  area 
illustrating  two  methods  of  holding 
cushioning  material  in  place. 
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CUSHIONING  OF  IRREGULAR  SHAPED  ARTICLE 


PACKAGING  CONDITIONS:  WT.  OF  ARTICLE— 10  LBS.;  FBAQUJTT— 80Q  (05); 

DROP  HEIGHT-JO" 


v QOOOO  F 


CLEARANCE  FOR 
COMPRESSED  CUSHION 


' * 
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^ Supplement 

1.  Cushioning  Selection  Table  listing  cushioning  materials 

, in  order  of  cushion  thickness  needed  for  each 

packaging  condition. 

2.  Cushioning  tables  indexed  by  cushioning  materiel,  and 

listing  cushion  thic’  -ess  required  for  each  packaging 
condition. 
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CUSHIONING 


PACKAGING 

CODE 

LI 

L2 

L3 

L4 

15  j 

■ - 1 

L6 
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0.34 

Gt 
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CUSHIONING 


SELECTION  TABLE  (PART  2) 


m 9on-  >7  r 


INSTRUCTION  CHART 


i 1 


US-149 


0-8  1S0-19C 


200-248 


250-2  so 


0-11 1 500-850 


2.75 

s.so 

4.00 

4. SO 

5.00 

t.ac„ 

. a-QQ 

■Wil 

-ImMu 

5.76 

!.£5 

2.75 

5.75 

4.00 

2-00 

»B 

L75 

■ nil 

1.75 

2.25 

2.75 

5.00 

8.25 

l.M 

2-00 

2.15 

2-25 

_2.25_ 

1.50 

2.00 

2.25 

i 2.50 

2.75 

2.00|  2.25 


4.2S  I 5.00 


2.75 

6.00 

S.2S 

5.75 

4.tS 

4.75 

0-5  designates  tte  fragility  cUMlTloaVl.cn  of  tte  artlcU  to  bo  pockads  U designates  tte  salt 
weight  of  the  ortiolo.  no  lllnetratlon  stem  la  Tor  oa  article  huring  * g-raloe  of  75-09  with 
o *ntal  welaht  and  boarlnc  area  owch  that  tho  unit  might  (pomde  par  square  Inch)  la  botman 
0.20  and  0.24  pooad.  J 


7 


(2)  Cushion  nuknooo  f 

A 4- Inch  thioinaai  of  monies.  oa  to  rial  do.  18  la  required  to  preride  tho  nacoaaa ry  protection  for 
tho  ortiolo  daacrlbod  by  par.  Paging  ooda  0-4/Ll. 

(2a)  Ccncroao^n 

To  pro  rant  looaonaaa  within  tha  pack  dark*  shipnent  and  storage,  toe  4- Inch  thickasao  of  natorUl 
No.  18  needs  to  bo  conproseed  to  approziaatol/  5.75  Inches  ahen  packing  tha  0-4/Ll  artlcla. 

(5)  Packaging  Condition 

Tfaa  thlcknaaa  of  cushlonlie  notarial  No.  16  and  tho  eooprosood  thleknooa  ora  applioabU  for  articles 
In  tha  0-11  fragility  claailf lcatlon  haring  o unit  weight  ranee  within  tho  Unite  of  LS  through  L0. 


Tba  percent  raloe  rwprwaonto  tho  approxlaete  nammt  a notarial  can  bo  eo opraoaod  by  hand.  Ccnpree- 
olon  raloe  a of  50  pare  ant  or  loao  art  aboan  to  tho  loft  of  tho  hoory  dlrldlr*  lino.  »on  tho 
apaclflad  conprweeed  thlcknaaa,  aa  sheen  to  tha  rl(ht  of  tte  haary  dirlalon  lino,  cannot  bo 
attained  by  hand,  tte  aatarlal  shall  bo  ecaproaaod  byttte  paraentege  ahown.  (Band  eomiweolao  will 
rary  with  tte  parson  packing,  tins  and  can  token  in  facklM,  typa  of  oontalnor  need,  ties  and  ships 
of  artlcla  packad,  and  thlcknaaa  and  ahape  of  euahlon|uoedl)  | 

(5)  Sons  specified  rslnes  of  conpreeeloo  nay  bo  SO  pereont,  as  ahem  at  Bo.  5,  or  greater.  Dnlaoa 

mchanical  asm*  tro  prorldod  for  attaining  tha  oonproeted  ralooa,  tte  aatarlal  shall  be  eanpreaeed 
mm  —oh  mm  poaalbla  by  band, 

CAUTIOtt  On  not  empreee  cushion  sera  than  Indicated  in  tte  tables. 
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